Abstract. We propose and study the photoproduction of a γ ρ pair with a large invariant mass and a small transverse momentum of the final nucleon, as a way to access generalized parton distributions. In the kinematics of JLab 12-GeV, we demonstrate the feasibility of this measurement.
INTRODUCTION
In this contribution, we report on our calculation [1] of the scattering amplitude for the process
Photoproduction of a pair of particles with large invariant mass is a natural case for using an extension of collinear QCD factorization theorems which describe the amplitudes for deeply virtual Compton scattering (DVCS) and deeply virtual meson production [2] . The simplest example is timelike Compton scattering [3] where the produced particles are a lepton pair with large invariant mass Q. In process (1), a wide angle Compton scattering subprocess γ(qq) → γρ characterized by the large scale M γρ (the final state invariant mass) factorizes from generalized parton distributions (GPDs). This scale M γρ is related to the large transverse momenta transmitted to the final photon and to the final meson, but we insist that the final γρ pair has an overall small transverse momentum (noted −∆ ⊥ ). At leading twist, ρ meson DAs have different chirality when the ρ is transversally or longitudinally polarized. Thus, separating the transverse (resp. longitudinal) polarization of the ρ meson allows one to get access to chiral-odd (resp. chiral-even) GPDs. This opens a new way for the extraction of GPDs and should thus constitute a useful check of their universality.
The study of such 2 → 3 processes was initiated in Ref. [4] , where the process under study was the high-energy diffractive photo-(or electro-) production of two vector mesons, the hard probe being the virtual "Pomeron" exchange (and the hard scale being the virtuality of this Pomeron). A similar strategy has also been advocated in Ref. [5, 6] to enlarge the number of processes which could be used to extract information on chiral-even GPDs.
While the magnitude of chiral-even GPDs is known, chiral-odd GPDs are very poorly known. Still, we claim below that the experimental study of process (1) should be feasible, with a very high counting rate for ρ L and a sizable one for ρ T at JLab 12-GeV.
The now classical proof of factorization of exclusive scattering at fixed angle and large energy [7] allows to write the leading-twist amplitude for the process γ + π → γ + ρ as the convolution of mesonic distribution amplitudes (DAs)
. a) Factorization of the amplitude for the process γ + π → γ + ρ at large s and fixed angle (i.e. fixed ratio t ′ /s); b) replacing one DA by a GPD leads to the factorization of the amplitude for
of π and ρ and a hard scattering subprocess amplitude γ + (q +q) → γ + (q +q) with the meson state replaced by a collinear quark-antiquark pair, as shown in Figure 1a . Besides, the strategy used in the factorization procedure of the exclusive meson electroproduction amplitude near the forward region [8] can be extended by replacing in Figure 1a the lower left meson DA by a N → N ′ GPD, and thus get Figure 1b . Indeed the same collinear factorization property bases the validity of the leading-twist approximation, which either replaces the meson wave function by its DA or describes the N → N ′ transition through GPDs. A slight difference is that light-cone fractions (z, 1 − z) leaving the DA are positive, but the corresponding fractions (x + ξ, ξ − x) may be positive or negative in the case of the GPD. Our explicit calculation shows that this difference does not spoil the factorization property, at least at leading order.
We define
In the Sudakov basis spanned by the light-cone vectors p and n (2p ·n = s),
where M, m ρ are the nucleon and ρ meson masses. The total cms energy squared of the γ-N system is S γN = (q+ p 1 )
On the nucleon side, the squared transferred momentum is
The other relevant Mandelstam invariants read
The squared invariant mass M 2 γρ of the (γ ρ 0 ) system provides the hard scale. At leading twist, the hard part is computed in the generalized Bjorken limit: neglecting ∆ ⊥ in front of p ⊥ as well as hadronic masses, it amounts to
THE HARD AMPLITUDE
The scattering amplitude of process (1) reads
where T u and T d are the hard parts of the amplitude where the photon couples respectively to a u-quark and to a prefactor, already takes into account that the ρ 0 -meson is described as
In total there are 20 diagrams which can contribute to both processes at twist-2 level. However in the case of the (γ ρ T ) production, due to the chiral-odd structure of the DA and of the GPD, only 8 diagrams do not vanish. By symmetry, it is enough to calculate 4 out of those 8 diagrams, for example the four black diagrams of Figure 2 . In the case of (γ ρ L ) production, all 20 diagrams contribute, but, similarly as discussed above, by symmetry it is enough to calculate only 10 of them, shown in Figure 2 . .
RESULTS
FIGURE 3. Differential cross section dσ/dM 2 γρ for a photon and a ρ meson production on a proton target. The values of S γN vary in the set 8, 10, 12, 14, 16, 18, 20 GeV 2 . (from 8: left, brown to 20: right, blue) , covering the JLab energy range. We use here the "valence" scenario. Left: longitudinally polarized ρ. Right: transversally polarized ρ.
, is dominated by its chiral-even part. Introducing a phenomenological t-dependence (a factorized dipole form in practice) and integrating over t and u ′ in a range consistent with the fixed angle hypothesis, we get the less differential cross section dσ dM 2 γρ . We model the GPDs via double distribution ansätze [9] , based on unpolarized, polarized and transversity parton distributions. To get an order of magnitude of the uncertainties of this modeling, we use two types of polarized PDFs, hereafter named "valence" and "standard". We show the differential cross-sections σ odd (pb) FIGURE 4. Integrated cross section for a photon and a ρ meson production on a proton target, as a function of S γN . Left: longitudinally polarized ρ. Right: transversally polarized ρ. The solid red curves correspond to the "valence" scenario while the dashed blue curves correspond to the "standard" one.
